The report of an imaging procedure is a critical component of an examination, being the final and often the only communication from the interpreting physician to the referring or treating physician. Very limited evidence and few recommendations or guidelines on reporting imaging studies are available; therefore, an European position statement on how to report nuclear cardiology might be useful. The current paper combines the limited existing evidence with expert consensus, previously published recommendations as well as current clinical practices. For all the applications discussed in this paper (myocardial perfusion, viability, innervation, and function as acquired by single photon emission computed tomography and positron emission tomography or hybrid imaging), headings cover laboratory and patient demographics, clinical indication, tracer administration and image acquisition, findings, and conclusion of the report. The statement also discusses recommended terminology in nuclear cardiology, image display, and preliminary reports. It is hoped that this statement may lead to more attention to create well-written and standardized nuclear cardiology reports and eventually lead to improved clinical outcome.
the nuclear medicine physician. Ideally, the information presented should be uniform and independent of individual physician's preferences or patient-specific parameters.
The information presented below is specifically adapted to Euro
Introduction
'The report of an imaging procedure is often the only communication from the interpreting physician to the caregiver, and is the final and perhaps the most critical component of an imaging procedure'. 1 It may occasionally also may become legal evidence. 2 In a way, nuclear cardiology studies undergo two interpretations: the first one being performed by the physicians who make a report based on the analyses and interpretation of the images, stress data, etc. The second is the interpretation made by the physician who reads the report and from this reading draws his or her conclusions for further clinical action. Although sometimes the referring and image report making person are the same, the information in the report should be uniform and as accurately possible reflecting the interpretation. Guidelines on reporting imaging procedures in nuclear cardiology, to optimize the communication of the information from reporter to reader, are essential. Ideally, guidelines should be based on evidence from clinical studies, 3 but in practice mostly on expert opinions. Owing to a lack of published evidence, all available recommendations on reporting nuclear cardiology are largely or totally based on expert opinions. Fortunately, there is wide consensus on most of the issues, 4 -6 including the critical need of structured reporting, as opposed to free text descriptions, so that key report components and data elements are not omitted. Increased standardization would facilitate the reading of reports. 1 Terminology must be accurate, but always expressed in a reader friendly style. The present paper combines existing evidence with expert opinions and previously published guidelines and recommendations 1,4 -11 The paper also includes discussion of terminology, use of preliminary reports, and the selection of images accompanying the report. In concordance with the previously published guidelines, 10 three levels of importance are used, including 'must' (information required in the report), 'should' (information highly recommended), and 'may' (optional information). The minimum information recommended to be included in the report appears as 'must' and encompasses unequivocal identification of patient, study, date, and signature (often digital), as well as a description of findings, whether normal, abnormal or inconclusive, and finally a conclusion presenting the clinical interpretation of the findings. The remaining data that can be added in the report depend on a number of factors, including national and local traditions and 'culture', national legislation, and relation between the referring and reporting physicians and/or institutions. Examples of reports are presented that include both 'must' and 'should' information to present the level recommended by the authors, i.e. in-between the minimum ('must') and, 'may' be included information. Reports must include sufficient data of relevant detailed elements to describe the findings, but too lengthy reports should be avoided. Compared with US guidelines, 1, 10 those presented in this statement allow for more degrees of freedom, which is related to European vs. US traditions, the national variations within European countries, and possibly also related to the more common use of medical legal litigating in the USA and thereby the related over-completeness/defensive medicine. It is hoped this paper may lead to improvement in the clinical value of nuclear cardiology for patients and physicians as well as to facilitate and improve research in nuclear cardiology. 12 However, recommendations presented are neither infallible nor substitute for good clinical judgment.
Terminology in the report
It is crucial that the referring or treating physician understands the report as intended by the interpreter of the images. This implies careful attention to the terminology used in the report. Regarding general language, it is strongly recommended that: The report must cover clinically relevant information, but not technically irrelevant details. Terms should be used that are widely recognized and approved both in nuclear medicine and in cardiology. The section on findings must give a precise description of the images. Some expressions may appear equally good: a perfusion defect can be reversible (stress-induced) or irreversible (non-reversible, fixed, and permanent). Depending on the context, one expression may appear more correct than another one. In the description of SPECT findings, an ischaemic perfusion defect is less accurate than a reversible or stress-induced perfusion defect, but is more relevant in the clinical conclusion of the study. Likewise, in the conclusion, an expression like a fixed or permanent perfusion defect, relevant in the section on findings, should be translated to infarction or scar tissue, provided that viable tissue is unlikely. The more standardized format of accurate and relevant information is provided, the better the reader's interpretation will be minimizing misunderstandings of the report leading to subsequent better clinical decisions.
The preliminary report
In communications other than the final report, the preliminary report is the most important type of message given about an imaging study. Preliminary reports, typically given in order to direct immediate patient management, may be written, transmitted electronically, or given verbally. It is not expected to include all information of the final report. 14 The person responsible for the preliminary communication must assure the receipt of it. The preliminary report should be reproduced into a permanent format and archived as a preliminary communication, since clinical decisions may very well be based on a preliminary report. Subsequently, it must be documented in the final report. The documentation is important, as recently shown for pulmonary scintigraphy. 15 If it has been given as a person-toperson communication, it must specifically name the person to whom the communication was delivered. If the message of the final report deviates from that of the preliminary report, this discrepancy should be clearly stated in the final report. Immediate transfer of a preliminary report has been shown in radiology to result in a small, but important number of adverse outcomes. However, if edited in the final report, the benefits of rapid information transmission may outweigh the additional risks. 16 
Oral communications
Sometimes other forms of communication may occur, e.g. during a clinical conference or by a verbal comment to an outside study. Occasionally, such an interpretation does not result in a 'formal' report. That type of communication carries an inherent risk by missing comparison with previous studies, adequate patient history, etc., and is therefore not recommended. Ideally, discussion in multidisciplinary meetings (i.e. more than one medical specialty present) and the subsequent clinical decisions should be reported in a separate report.
The structured nuclear cardiology report
A structured report, in contrast to free text, with adequate headings should be used, since a well-structured report is more easily accessible for the referring or treating physician. 1, 4 In the present paper, a number of headings have been used to describe the different aspects of the report. They were chosen since they are widely used in clinical imaging practice and recommended for nuclear cardiology by others as well. 7, 9 Headings may differ between different institutions and different countries due to local tradition and legislation. The headings used here include: demographics; clinical indication; tracer administration and image acquisition; findings; conclusion; as well as date and signature. Figures 1 and 2 show examples of Figure 1 Example of the contents that should (including must) be provided in a report of a normal MPI.
reports from a normal and from an abnormal MPI, with information that 'should' (including 'must') be included in the report.
Demographics
Site administrative data (physical address), contact information, as well as name and affiliation of the referring physician must be provided, as well as patient name, unique identification number (date of birth, etc.), and gender.
Clinical indication(s)
The clinical indication for the study should be reported, both to show the appropriateness of the study and to focus the examination and the report. Cardiac history and symptoms and prior cardiac investigations may be summarized, active medications may be noted, and pre-test probability of coronary artery disease may be calculated.
Tracer administration
The tracer administered and amount of radioactivity should be reported. According to legislation in some countries, the amount of radioactivity must be reported. For 99m Tc-labelled tracers, it
should be noted if a 1-day or a 2-day protocol is followed. The timing in relation to termination of a stress test procedure and the time interval between tracer injection and image acquisition should be noted. For an FDG study, blood glucose at the time of FDG injection must be reported in diabetic patients; in other patients, it may be noted. Oral glucose load, insulin-glucose clamp, acipimox administration etc., must also be reported.
Image acquisition
If the routine procedure is followed, it should not be described in the report. If the default procedure has not been chosen, the reason must be presented, e.g. changes from the usual protocol regarding rotation, position of patient, gating, or attenuation/scatter correction problems, etc.
Findings Myocardial perfusion imaging
The stress testing procedure and findings must be briefly described, also if the stress test is normal ( Table 1) . The perfusion distribution is the key information: Does the activity distribution in the myocardium appear normal, abnormal only at stress or also at rest, or is the study non-diagnostic? The findings should be described as shown in Table 2 . Figure 2 Example of the contents that should (including must) be provided in a report of an abnormal MPI.
Reporting nuclear cardiology

Left ventricular function
If gated studies have been acquired (rest and/or stress), left ventricular (LV) function data should be reported, as also shown in Table 3 . Reference values of LV ejection fraction (EF) should accompany the report, either as values from the department (preferable) or as values referred from the literature obtained with similar technique and software tools. Possible discrepancies between regional perfusion and regional myocardial functional data must be discussed.
Equilibrium radionuclide ventriculography LVEF must be presented (Table 4) , and reference values of LVEF should accompany the report, either as values from the department (preferable) or as values referred from the literature obtained with similar technique and software tools. It should be noted (cf. section on reference values in ref. [8] ) that LVEF values differ between men and women and between gated MPI and ERNV.
Viability with FDG in combination with MPI (by PET or SPECT) Regional FDG uptake must be described in relation to reduced regional perfusion (SPECT or PET): is FDG uptake reduced (match between reduced metabolism and reduced perfusion), or is it normal or enhanced (mismatch in relation to reduced regional perfusion)? The evaluation compares the uptake in the hypoperfused myocardial region with that in the remote myocardium. Quantification of mismatch is recommended. Hybrid imaging with CACS and/or CCTA The description of MPI is similar to the stand-alone study. The additional information obtained from CACS or CCTA must be reported and integrated with the MPI results. With CCTA, reporting should follow the recommendations of stand-alone CCTA, as described in detail in part B of the guidelines of the Society of Cardiovascular Computed Tomography. 20 The severity of a stenosis can be assessed in qualitative terms (minimal, mild, moderate, severe, and occluded), or the length and luminal reduction may be quantified. The location and severity of detected lesions must be set in relation to the regional MPI findings, and a conclusion drawn regarding agreement or disagreement between findings by the two modalities. The clinical interpretation must be discussed in case of a possible disagreement, e.g. is a stenosis detected by CCTA hardly of haemodynamic significance since stress perfusion is normal in that region; or could the perfusion findings be falsely normal, maybe due to balanced ischaemia in multivessel coronary disease? Further diagnostic examinations or invasive angiography may be recommended.
123
I-metaiodobenzylguanidine Normal or reduced 123 I-MIBG cardiac uptake must be described, and comment on the clinical significance should be included ( RVEF can be determined accurately only from a tomographic ERNV or by a first-pass technique (not discussed in this paper).
Reporting nuclear cardiology
Conclusion of the report
The conclusion must address and as clearly as possible answer the clinical question from the indication. A statement must be given whether the study is normal, abnormal, or inconclusive.
Results from the present study should be compared with previous studies if available. Information about technical errors, sub-optimal quality, or abnormal extracardiac tracer uptake should be mentioned. Further diagnostic investigation may be suggested, dependent on the relationship between the referring and interpreting physician and based on the extent and severity of present perfusion and functional abnormalities. For the different study types, specific points are presented in Table 6 .
Images in the report
Images accompanying the report must illustrate and support the conclusion. Care should be taken not to present images that may cast doubt on the interpretation of the study (e.g. images with artefacts, reported as normal). If not, they can be confusing or even lead to misinterpretation for the clinical reader of the report. Technical images (a raw image from a screen capture of a cine loop, etc.) and text (matrix, filter information, etc.) are superfluous and should not be included. Several colour scales are available in current reporting environments. It is important to use the same, standardized scale for each type of study 9 and to present a limited number of images since the referring physician rarely wants to look at too many images. 
Gated MPI
Images showing both tomograms (stress and rest slices correctly aligned) and polar plots are recommended. An image display has been discussed in further detail in the European procedure guidelines on myocardial perfusion. 9 
Equilibrium radionuclide ventriculography
A printer/reader friendly screen capture can be used showing 'best septal' separation of the LV in end-diastole and end-systole with regions of interest superimposed (including background) with an LV time/activity curve. Parametric amplitude and phase images (the latter with its histogram) may be included. 8 
Viability imaging
Relevant slices or polar plot images (cf. above under MPI images) showing perfusion and FDG images should be shown side by side, correctly aligned.
Hybrid imaging
Perfusion images are displayed as discussed above. The CCTA images should be analysed and displayed according to the standard methodology for CCTA. Specific software tools for hybrid displays are cur-
rently not yet standardized. The general aim, however, is that the perfusion distribution is overlaid with individual coronary vasculature to allow precise localization of perfusion abnormalities with coronary anatomy.
I-MIBG cardiac imaging
Anterior, planar, early, and late images should be presented. 21 In case SPECT or PET images are presented, the display should follow the same rules for slice presentation and polar plots as described for MPI. 9 Images showing ROIs may be added to show the quality of quantified data.
Conclusion
Over the years, a lot has been done to achieve optimal data and images by the best protocols, tracers, and cameras, and to improve their interpretation by training and the use of sophisticated hardware and software tools. However, little attention has been paid to the transmission of the image information from the reporting physician to the referring physician: the creation of the good report. Efforts must be made to improve the report by increased standardization and by an appropriate written communication, using simple, clinically relevant, and accurate terminology. In general, the reports should be brief. Information that is of little value for the referring physician should be omitted and the use of protective expressions limited to the doubt in interpretation that sometimes must be communicated. The present joint paper may hopefully lead institutions and teachers of nuclear cardiology to better recognize, underwrite, and instruct the importance of a good report. In addition, this joint expert statement may trigger studies on the effect of different reporting manners and systems on clinical decision-making, thereby generating scientific evidence on this final, important component of nuclear cardiology examinations.
